Abstract: Several distinct clinical forms of mycosis fungoides have been described. Hypopigmented mycosis fungoides should be regarded as a subtype of mycosis fungoides, insofar as it presents some peculiar characteristics that contrast with the clinical features of the classical form. Most patients with hypopigmented mycosis fungoides are younger than patients typically diagnosed with classical mycosis fungoides. In addition to typical dark-skinned individuals impairment, hypopigmented mycosis fungoides has also been described in Asian patients. The prognosis for hypopigmented mycosis fungoides is much better than for classical mycosis fungoides: hypopigmented mycosis fungoides is diagnosed when there are only patches of affected skin, and lesions usually will not progress beyond terminal stages, although they can persist for many years. Diagnosis should involve clinicopathologic correlation: skin biopsy analysis often reveals intense epidermotropism, characterized by haloed, large, and atypical CD8+ lymphocytes with convoluted nuclei, in contrast to mild to moderate dermal lymphocytic infiltrate. These CD8+ cells, which participate in T helper 1-mediated immune responses, prevent evolution to mycosis fungoides plaques and tumors and could be considered the main cause of the inhibition of melanogenesis. Therefore, hypopigmentation could be considered a marker of good prognosis for mycosis fungoides. Keywords: CD8-Positive T-Lymphocytes; Hypopigmentation; Lymphoma, T-Cell, Cutaneous; Melanocytes; Mycosis fungoides
INTRODUCTION
Mycosis fungoides (MF), the most common primary cutaneous T-cell lymphoma, is a neoplasic disease characterized by classical non-infiltrated lesions (patches), plaques, tumors, and erythrodermic stages. [1] [2] [3] [4] Several distinct clinical forms of MF have been described. These include granulomatous, pustular, purpuric, hyperkeratotic and verrucous, bullous, invisible, and hypopigmented variants of the disease.
5-10 Zackheim and McCalmont enumerated 25 different diseases that MF may mimic, referring to it as 'the great imitator'-a description previously reserved for syphilis.
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Hypochromia in MF was previously associated with well-defined clinical forms, such as poikilodermatous MF or resulting from phototherapy treatment. 12 The first case of primary hypopigmented MF (HMF) was described by Ryan et al. in 1973. 10 Today, HMF, composed of exclusively hypopigmented or even achromic lesions, can be considered a subtype of MF, since it presents some peculiar characteristics that contrast with the clinical features of the classical form. Although HMF has been the subject of several publications, most of these are case reports or series of cases. There are no criteria that define a typical case of HMF. Patients with other subtypes of MF and hypochromic lesions are usually diagnosed as having HMF. [13] [14] [15] The aim of this review is to justify why hypopigmentation, and no other concomitant type of MF-related lesion, should be regarded as the defining feature of HMF. We will also discuss the pathophysiology of HMF and review mechanisms responsible for the hypopigmentation observed in HMF patients.
Epidemiological findings
Unlike conventional MF, which is regarded as a disease most commonly found in the fifth to sixth decades of life, HMF most commonly affects the pediatric population. 3, 13, 16, 17 HMF may account for 17% to 59% of all MF cases diagnosed during childhood. 18, 19 An analysis of 131 new cases of MF/ Sézary syndrome (SS) in Singapore over a 5-year period reported a median age of 33 at the time of diagnosis, with a mean age of 36.3. 20 However, the median age of the 47 patients within the cohort who were diagnosed with the HMF variant of MF/SS was only 17 at the time of diagnosis. 20 Another study, which encompassed almost the entire population of Kuwait and included 193 cases of MF, identified 77 patients with hypopigmented macules, alone or in combination with other types of skin lesions. 21 For 43 patients (22% of the entire sample) with the pure hypopigmented variant, the mean age at the time of diagnosis (27.6 ± 12.42) was younger than for all other MF cases (38.14 ± 14.37). Previous data from the literature also confirm the relatively young age of onset of HMF, in contrast to the typical age of population affected by classical MF. 15, 17 A predilection for individuals with high phototypes (Fitzpatrick scale of skin types) is also a peculiar manifestation of HMF. Accordingly, HMF is reported almost exclusively in dark-skinned and Asian patients. Classical MF is also found more frequently in individuals with dark skin.
3 The classical form of MF is by far the most common form of MF in dark-skinned individuals, with HMF regarded merely as an atypical and rare variant for these populations. 17, [22] [23] [24] Asians are commonly described as presenting HMF, although classical MF is not very prevalent among Asian populations.
3,25-27 Few cases of HMF have been reported in Caucasians. 28 Of seven Caucasian patients diagnosed with HMF, five had hypopigmented patches, in addition to erythematous lesions. 15 It was concluded that this "mixed" clinical pattern could be predominant in Caucasian patients.
Although it is generally considered that there is no gender predilection for HMF, some authors, such as Shabrawi-Caelen et al., observed a striking female predominance in a study involving 11 females and only 4 males. 17, 20, 29 This contrasts with the reality of classical MF, which is more prevalent in males. The frequency of HMF is unknown, although most authors agree that it is underestimated. Misdiagnosis of HMF as any of a range of differential diagnoses, including vitiligo, pityriasis alba, leprosy, and postinflammatory hypopigmentation, is common. 17 The limited number of publications on HMF has signified poor knowledge of HMF for many professionals, thus preventing correct diagnosis.
Clinical findings
The defining clinical features of HMF are hypopigmented-to-achromic lesions, sometimes with a vitiligo-like aspect, which are mainly distributed on the trunk and proximal portions of the extremities, especially the buttocks, as well as the pelvic girdle and the lower limbs. 1, 25, 30 Variations of these tendencies include involvement of the distal extremities, such as the head and neck.
26,27 Patch sizes vary, ranging from droplet-size to large plate-size lesions.
14 Patients have ever been related with a single lesion. 28, 31 Patients may complain of itchiness, with variable intensity, although local sensitivity is always preserved. 13, 32, 33 Other findings include lesions with atrophy and telangiectasia, and lesions that become more evident after sun exposure. 22, 34 These are described in figures 1-3.
Differential diagnosis should include atopic dermatitis, pityriasis alba, leprosy, vitiligo, postinflammatory hypopigmentation, sarcoidosis, pityriasis lichenoides chronica, pityriasis versicolor, syphilis and other treponematosis, idiophatic guttate hypomelanosis, lichen sclerosus, hypomelanosis of Ito, halo nevus, and onchocerciasis. 13, 14, 16, 29 Undoubtedly, in regions where leprosy is endemic, HMF can be easily misdiagnosed as mycobacteriosis. Like some authors, we have encountered several cases of HMF in which patients had previously received treatment for leprosy (unpublished data).
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The prognosis for MFH is usually excellent, at least when compared with classical MF/SS. Most HMF patients are diagnosed during early stages of the disease, when there are only patches, without infiltrated plaques. 22, 23 This presentation tends to last for many years and does not progress beyond stage IB (defined by the International Society of Cutaneous Lymphomas as lesions covering >10% body surface area without involvement of lymph nodes or the viscera). Notwithstanding the better prognosis for HMF patients compared with classical MF patients, the same authors reported patient deaths resulting from this cutaneous lymphoma. 15, 16 Thus, despite the good prognosis, HMF should always be treated as a malignant neoplastic disease, and its potential lethality should never be underestimated. Clinical assessment of patients with this variant is always necessary, with complete staging that should include peripheral blood examination, quantification of Sézary cells and T lymphocytes using flow cytometry, physical examination of the peripheral lymph nodes (with biopsy if their diameter widens to > 1.5 cm), and imaging studies to exclude visceral impairment.
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DIAGNOSIS
Clinicopathologic correlation should be used to diagnose HMF. Even if the histological evidence from one or more skin samples is inadequate to make a conclusive diagnosis of HMF, the patient should be closely followed-up as potentially having HMF. Immunohistochemistry provides a very valuable complementary tool, since a typical CD8 immunophenotype could be considered a hallmark of HMF. Ultrastructural analysis, using electron microscopy and molecular techniques, can also be useful, although these may not be available in clinical practice.
The typical histopathological features of HMF are identical to those of all other patch and plaque variants of MF. A review of 106 cases reported in 33 publications defined some of the most common changes as focal parakeratosis, little or no spongiosis, lymphocytic infiltrate in the upper dermis where some bundles of collagen seemed to be coarse, and a variable number of lymphocytes at all levels of the viable epidermis that are disposed as solitary units and, episodically, in tiny collections. 30 Several authors have reported very intense epidermotropism, characterized by haloed, large, and atypical lymphocytes with convoluted nuclei, in contrast to mild to moderate dermal lymphocytic infiltrate. 12, 13, 22 These findings (intense epidermotropism) are not routinely observed in early lesions of classical MF. Pautrier microabscesses are seldom described. Other changes associated with HMF include slight psoriasiform epidermal hyperplasia, scattered dyskeratotic keratinocytes, vacuolar alteration of the dermoepidermal junction simulating an interface dermatitis, folliculotropism, and melanin incontinence with melanophages in the papillary dermis. 29 Dermal infiltrate from HMF patients is described as sparse superficial perivascular or patchy lichenoid. 17, 35 However, histological findings may not be conclusive and repeated biopsies are required during follow-ups to confirm the diagnosis. Histopatholo-gical findings are illustrated in figure 4 .
Immunohistochemical analysis can reveal peculiarities that allow HMF to be differentiated from classical MF. Epidermotropism in classical MF is characterized by neoplastic CD4 + T cells, with CD8 + T cells representing a minority of the reactive T lymphocytes and residing predominantly in the dermal papillae. Neoplastic CD8 + T-cell infiltrate is very uncommon. 35 However, in HMF, several authors have shown a predominant CD8 + cell epidermotropism. 13, 15, 18, 29, 37, 38 A CD8 + immunophenotype case is presented in figure 5 . On the other hand, some papers have confirmed that HMF lesions can present typical features of classical MF, such as a predominance of CD4 + T cells and preservation of a normal ratio of CD4 + lymphocytes to CD8 + lymphocytes. 17 The prevalence of CD8 + T cells can influence significantly the pathogenesis of HMF, given that the suppressor phenotype seems to limit progression of the disease by impairing cutaneous dissemination and preventing the onset of a more aggressive stage, despite the neoplastic nature of these cells. 16 derived from neoplastic CD8 + T cells that resided either within the epidermis or the lining at the dermoepidermal junction. 29 Other authors found no TCR gene rearrangement and attributed this absence to the early stage and/or the "benign" nature of HMF. 17, 22, 40 Larger series are required to make more conclusive statements regarding the role of TCR gene rearrangement in the progression of HMF.
PATHOPHYSIOLOGY
Ultrastructural analysis, using electron microscopy, suggested that atypical neoplastic cells could cause degeneration of melanocytes and abnormal melanogenesis. 41 Given the absence of evidence that melanosome transfer was blocked, the authors concluded that changes were a nonspecific response of cell injury associated with inflammation. 41 Another study involving electron microscopy demonstrated a reduced number of normal-appearing melanosomes within keratinocytes of patients with HMF, despite finding abundant and morphologically normal melanosomes in adjacent normal melanocytes.
33 These melanocytes did not present degenerative changes. After treatment with topical nitrogen mustard, electron microscopy of repigmented normal-appearing skin revealed numerous normal-appearing melanosomes within keratinocytes. It was thus concluded that hypopigmentation of HMF may arise from a defect in the transfer of melanosomes from melanocytes to keratinocytes, with reversal of this defect after treatment. 33 Several other studies have shown either fewer melanocytes and altered melanocyte morphology, or defective transfer of melanosomes. 13, 16, 22, 42 However, it is possible that these two assumptions are valid, with abnormal melanogenesis comprising a continuum, on which melanocyte death is the most extreme expression of pathology.
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A predominance of CD8 + T cells in neoplastic infiltrates is consistent with the hypothesis that hypopigmentation results from the cytotoxicity of suppressor lymphocytes towards melanocytes. It is unclear whether non-neoplastic reactive CD8 + T cells could play a similar role in lesions for which the infiltrate is characterized by a predominance of CD4 + T cells. 15, 25, 43 Hence, neoplastic and non-neoplastic lymphocytes might be able to inhibit or even destroy melanocytes from affected skin, causing hypopigmented lesions.
Initially, MF patches present a predominant T helper 1 (Th1)-type immune response, with substantial participation of interferon-gamma (IFNγ) and CD8 + cells. Evolution of the pathology to infiltrated plaques and tumors is characterized by a shift towards predominance of a T helper 2 (Th2)-type immune response. Thus, the Th1 response is seen as a pathway of defense against cancer, and a change in the immune pattern (from Th1 to Th2) is associated with a worse prognosis. 44 The same neoplastic behaviors likely apply as much to HMF as they do to classical MF.
Hypopigmentation could represent the extreme result of a protective immune response: neoplastic or reactive CD8 + T cells in cellular infiltrates guarantee an indolent disease with good prognosis, and prevent transformation to a Th2-type immune response, which is associated with progression to malignancy.
Studies comparing mechanisms of hypopigmentation of vitiligo and HMF have made an important contribution to the understanding of their pathogeneses. Moretti et al. 45 demonstrated significant changes in the levels of different epidermal cytokines in vitiligo lesions, in which there were no melanocytes. Within the lesions, levels of cytokines with stimulatory activities towards melanocytes (e.g., granulocyte-macrophage colony-stimulating factor, stem cell factor, and basic fibroblast growth factorbFGF) were reduced, whereas levels of cytokines with inhibitory activities (e.g., interleukin-6 and tumor necrosis factor α-TNF-α) were significantly increased. These results seem to confirm, at least in part, the inhibition of melanogenesis induced by TNF-α in vitro, through inhibition of melanocytic tyrosinase and tyrosinase-related protein 1, both of which are essential for melanin synthesis. 45 Recently, Seif El Nasr et al. 46 showed a similar increase in TNF-α levels and decreased expression of mRNA encoding bFGF in HMF lesions. Vitiligo lesions are characterized by a reduction in expression of the CD117 receptor (also known as c-KIT, a stem cell factor receptor that regulates melanocyte activity and stability) in epidermal melanocytes, which increases apoptosis rates in these cells. 18 Vitiligo lesions also have a predominance of epidermal CD8 + T-cell infiltrate. Similar changes were found in HMF, but not in classical MF lesions or normal skin. Thus, cytotoxic effects of CD8 + T cells on HMF lesions presumably lead to a decreased expression of CD117 in melanocytes, resulting in dysfunction and/or loss of these cells. 18 Kitamura et al. demonstrated that keratinocytes on the edges of vitiligo lesions secrete elevated levels of two melanocytestimulating cytokines, stem cell factor (the ligand of CD117) and endothelin.
47 These changes were accompanied by a decrease in secretion rates in CD117 and the microphthalmia-associated transcription factor (MITF), which interacts with CD117 to control directly melanin synthesis and melanocyte survival. No change in the expression of the ET-receptor 1 was noted. 47 Thus, decreased levels of CD117 and MITF are associated with increased rates of melanocyte apoptosis. In addition, CD117 keeps melanocytes within the epidermis, through affinity for stem cell factor secret-ed by keratinocytes.
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In summary, the Th1 response, especially that contributed either by neoplastic or reactive CD8 + cells, prevents the evolution of hypopigmented HMF lesions to MF plaques and tumors, and inhibits melanogenesis. Therefore, hypopigmentation should be considered a potential marker of good prognosis.
TREATMENT
Phototherapy, especially photochemotherapy, is the most widely used method. 48 It ensures rapid and complete remission in most cases, and is recommended as first-line treatment for HMF.
3,12,27 Narrow-band ultraviolet radiation has also been widely used, especially in children. 49 Although a poor response to narrow-band ultraviolet radiation has been described for dark-skinned individuals, possibly owing to a photoprotective effect of melanin, some authors have reported its effectiveness in Asian patients.
32,50 Other effective therapeutic options described are topical nitrogen mustard, topical carmustine, and total skin electron beam therapy.
12 Given that HMF is a highly recurrent disease, aggressive treatment is contraindicated. Recurrences can occur a few months or even many years after total remission and therefore followup is mandatory.
26,35
CONCLUSION
HMF is a cutaneous lymphoma found more frequently in young and dark-skinned individuals. Although the prognosis for HMF is generally good, HMF is a malignant skin tumor and should always be treated as such. Follow-up is mandatory and aggressive treatment should be avoided in light of the high rate of recurrence after therapy. q
